Background Few studies have assessed the risk of hip fracture following concurrent use of psychoactive medicines, and none has investigated combinations with selective serotonin reuptake inhibitors. Objectives To assess the risk of hip fracture in older people as a result of concurrent use of selective serotonin reuptake inhibitors and other psychoactive medicines. Methods A matched case-control design was employed. Cases were Australian Government Department of Veterans' Affairs beneficiaries aged over 65 years who experienced a hip fracture between 2009 and 2012. Each case was matched with up to four randomly selected controls of the same age (±2 years) and sex. Medicine-hip fracture associations were estimated via conditional logistic regression. The relative excess risk due to interaction (RERI) was calculated to determine whether combined effects differed from the sum of individual effects. Results There were 8828 cases and 35,310 controls. The median age of subjects was 88 years and 63% were women. The risk of hip fracture was elevated for all medicines assessed individually, most notably selective serotonin reuptake inhibitors (initiation: odds ratio
[OR] = 2.7, 95% confidence interval [CI] 2.1, 3.6) and opioids (initiation: OR = 2.3, 95% CI 1.9, 2.9). Combinations associated with an increased odds of hip fracture included addition of benzodiazepines to selective serotonin reuptake inhibitor therapy (OR = 3.0, 95% CI 1.9, 4.8; RERI = 0.9, 95% CI -0.5, 2.3), concurrent use of both opioids and selective serotonin reuptake inhibitors (OR = 2.2, 95% CI 1.9, 2.6; RERI = 0.1, 95% CI -0.3, 0.5), addition of opioids to selective serotonin reuptake inhibitor therapy (OR = 3.2, 95% CI 1.8, 5.5; RERI = -0.1, 95% CI -2.0, 1.7), and initiation of both benzodiazepines and selective serotonin reuptake inhibitors (OR = 4.7, 95% CI 1.7, 13; RERI = 1.3, 95% CI -3.8, 6.3). The RERI results suggested that the effect of each of these medicine combinations equalled the sum of the effects of individual medicine use. Conclusions In older people, the concurrent use of selective serotonin reuptake inhibitors and other psychoactive medicines increased the risk of hip fracture as much as the sum of the risks owing to individual medicine use. Our results highlight the need for prescribers to consider the sedative burden of medicines in each older patient as well as the potential for an additive risk of hip fracture when initiating additional psychoactive therapy. 
Introduction
Psychoactive medicines are established risk factors for hip fracture [1] . A meta-analysis of observational studies identified that, relative to the non-use of medicines, many different types of psychoactive medicine use were associated with an increased risk of hip fracture. The psychoactive medicines included antidepressants, non-barbiturate anti-epileptic drugs, barbiturate anti-epileptic drugs, antipsychotics, hypnotics, benzodiazepines and opioids [1] . For most of these medicines, there was between a 1.5-and 2-fold increased risk of hip fracture [1] . Although a single psychoactive medicine may contribute to the risk of hip fracture, multiple medicine use may also be problematic. Multiple medicine use, which can lead to interactions, is common. In a cross-sectional study, half of all older Australians admitted to hospital for hip fracture used at least two medicines associated with falls or hip fracture during the 6 weeks before hospital admission [2] . The concurrent use of multiple psychoactive medicines could increase a patient's risk owing to the potential for pharmacodynamic or pharmacokinetic interactions between the medicines [3] . For example, an antidepressant can add to the sedative effect of a benzodiazepine [4] . This is an example of a pharmacodynamic interaction whereby two medicines share a pharmacological effect. By comparison, the selective serotonin reuptake inhibitor (SSRI) antidepressants fluoxetine and fluvoxamine may inhibit the metabolism of the benzodiazepine alprazolam, leading to increased alprazolam concentrations and enhanced sedation [4] . These are examples of pharmacokinetic interactions. Age-related changes in pharmacodynamics and pharmacokinetics, as well as multi-morbidity and polypharmacy, predispose older people to medicine interactions [5] . A case-control study found a dose-response relationship between the number of medicines and the risk of hip fracture in older people aged C65 years [6] . For example, older people taking two to four medicines had a 64% greater risk of hip fracture than older people taking zero to one medicine [6] .
Four case-control or cohort studies have assessed the risk of hip or hip/femur fracture as a result of concurrent use of psychoactive medicines defined in terms of current exposure [7] [8] [9] [10] . An increased risk of hip or hip/femur fracture was found for current use of opioids with psychotropic medicines, current use of anxiolytics with hypnotics, and current use of benzodiazepines or zolpidem with potentially interacting medicines identified in drug information sources [7, 8, 10] . For each combination of a benzodiazepine or zolpidem with interacting medicines, an assessment of additive interaction found that the risk estimate as a result of concurrent exposure was similar to the sum of the risk estimates due to individual exposures [8] . In one case-control study, the association between dopaminergic agents and hip/femur fracture was stronger among antidepressant users than among non-users of antidepressants [9] . This study assessed the interaction in terms of subgroup effects using a multiplicative scale rather than in terms of joint effects using an additive scale. The former is less relevant to clinical practice [11] [12] [13] . Two of the four studies of concurrent use of psychoactive medicines and the risk of hip or hip/femur fracture did not assess interaction [7, 10] . Three past studies [7] [8] [9] of the risk of hip or hip/femur fracture as a result of concurrent use of psychoactive medicines were limited by the potential for survivor bias, as new medicine use was not assessed separately to continuous medicine use [14] . Continuous users of psychoactive medicines are likely to be less vulnerable to adverse effects, falls and hip fractures than new users of psychoactive medicines. This is because tolerance to sedative effects can develop over time [14] . Only one of the four past studies, which assessed the risk of hip/femur fracture as a result of concurrent use of anxiolytics and hypnotics, defined concurrent use in terms of new exposure [10] .
No published studies have assessed the risk of hip fracture as a result of concurrent use of psychoactive medicines defined in terms of new and continuous exposure, such as adding a new psychoactive medicine to an antidepressant used continuously. Such clinically relevant information could help medical practitioners weigh up the risks and potential benefits of combining psychoactive medicines in older patients with depression or anxiety.
As SSRIs are commonly used to treat depression and anxiety, they may be the antidepressant class with the greatest potential for co-prescribing alongside other psychoactive medicines. Selective serotonin reuptake inhibitors have been associated with a significantly increased risk of hip fracture [15] [16] [17] [18] [19] . A meta-analysis of seven case-control or cohort studies found SSRIs were associated with a 70% increased risk of hip fracture [15] . When cohort and case-control studies were conducted with a common study protocol across three different primary care databases, current use of SSRIs was consistently associated with at least a 61% greater risk of hip/femur fracture [16] . A further case-control study found a duration-dependent effect of SSRIs on hip fracture, with cumulative durations of C6 and\6 months associated with two times and 3.9 times greater risk of hip fracture, respectively [17] . In terms of within-person study designs, short-term use of SSRIs has been associated with a 98% increased risk of hip fracture in a self-controlled case series analysis [18] and a 54% increased risk of hip fracture in a case-crossover study [19] . The risk of hip fracture as a result of combining SSRIs with other psychoactive medicines has not been previously reported in the literature. The aim of this study was to assess the risk of hip fracture in older people as a result of concurrent use of SSRIs and other psychoactive medicines.
Methods

Setting
This study was undertaken using data from the Australian Government Department of Veterans' Affairs (DVA) healthcare claims database. This is an administrative database of dispensing claims made on behalf of Australian war veterans, as well as war widows and dependents, for prescription medicines subsidised nationally under the Pharmaceutical Benefits Scheme and the Repatriation Pharmaceutical Benefits Scheme. The DVA healthcare claims database also includes data on hospital admissions as well as claims made for medical services and allied health visits. In December 2010, this database contained records for more than 250,000 beneficiaries from all Australian States and Territories [20] .
Study Design
A matched case-control study design was used to ascertain cases and controls for assessment of medicine use and the risk of hip fracture [21] . The source population comprised people who were aged over 65 years on 1 January 2008 and were eligible to receive all health services subsidised by DVA. De-identified data on hospital admissions, patient demographics and medicines were obtained for this source population between 1 January 2008 and 31 December 2012.
The cases were all people in the population who were admitted to hospital with a hip fracture as a primary diagnosis between 1 January 2009 and 31 December 2012. Hip fracture was identified by the International Classification of Diseases and Related Health Problems-10-Australian Modification codes S72.0 and S72.1 [22] . Where multiple hip fractures per patient were evident in the data, only the first case was included. The date of each case's hospital admission for hip fracture was recorded as the index date.
Risk set sampling was used in the matched case-control study design [21] . Risk sets were created by matching each case with up to four randomly selected, eligible controls. For a given case, the controls eligible for matching were source population members of the same sex and age (±2 years) who had not been admitted to hospital for hip fracture up to the case's index date. As this is a populationbased case-control study, controls included both hospitalised and non-hospitalised patients. The controls in a given risk set were assigned the same index date as the corresponding case. The controls in all but the final risk set remained eligible for inclusion in future risk sets. This meant that a patient in the source population could potentially be a control more than once, and subsequently become a case.
Patient Characteristics
Patients' age, sex, number of co-morbidities, socioeconomic status and residential status were assessed. The number of co-morbidities was measured over the year before the index date using the Australian version of the Rx-Risk-V [23] , which is a medication-based co-morbidity index. Those morbidities treated by the psychoactive medicines under study were excluded to prevent adjusting for a variable that included the exposures of interest. Socioeconomic status was measured using the Australian Bureau of Statistics' quintiles of the socioeconomic indexes for areas [24] . This measure was based on patients' residential postcodes, which were determined on 1 January 2008. Patient age and residential aged care status were determined on the index date.
Medicines Assessed
Four groups of psychoactive medicines were assessed alone and in combination with SSRIs: opioids, antiepileptic drugs, antipsychotics and benzodiazepines. SSRIs were also assessed alone. Effect estimates in statistical models were adjusted for anti-Parkinson medicines, benzodiazepine-related medicines, tricyclic antidepressants, serotonin and noradrenaline reuptake inhibitors, other antidepressants (mirtazapine, moclobemide, mianserin, reboxetine and agomelatine) and anticholinesterases, as well as the psychoactive medicines opioids, anti-epileptic drugs, antipsychotics and benzodiazepines when they were not the subject of the case-control analysis. All medicine groups were defined using Anatomic Therapeutic Chemical classification codes [25] (see the Appendix).
Medicine Exposure Status
Prescription supply dates and duration of supply estimates were employed to categorise patients' medicine use. Because information on dose was unavailable, duration of supply estimates were calculated from the data based on the period within which 75% of patients returned for a repeat medicine dispensing [26] . Two pharmacists independently reviewed all duration of supply estimates and made any necessary adjustments on the basis of clinical knowledge. For example, the duration of use of medicines that tend to be used intermittently, including analgesics, were adjusted because dispending data are unlikely to reflect actual exposure. The exposure window for current use was defined as the period equivalent to one duration of use estimate before the index date. Each person was classified as a new user, continuous user or non-user of each medicine group. This gave rise to main effects variables. A patient was classified as a new user if there was a dispensing for a medicine during the exposure window, but no supply of any medicine in the same group up to 180 days prior. A patient was classified as a continuous user if there was a dispensing for a medicine during the exposure window as well as one or more supplies of any medicine in the same group up to 180 days prior. A patient was classified as a non-user of a medicine group if there was no dispensing for any medicine in the given group during the exposure window.
Following the classification of patients into categories of individual medicine use, patients were further classified into categories of concurrent medicine use. Concurrent use was also determined based on the dispensing date and estimated duration of supply. Concurrent use was defined where the duration of supply of one medicine overlapped with the supply duration of the second medicine by any number of days. A single categorical variable was created for the joint effects of each medicine pair under investigation. The variable featured mutually exclusive categories of medicine exposure corresponding to the use of two medicine groups together and alone. Each psychoactive medicine pair was assessed in terms of the following categories: initiation of both medicines, addition of one medicine to another medicine, continuous use of both medicines, initiation of one medicine without another medicine, continuous use of one medicine without another medicine and no use of either medicine.
Data Analysis
Initially, the risk of hip fracture associated with each of the individual medicine groups was assessed. A single, conditional logistic regression model was used to estimate main effects, with no use of the particular medicine as the reference category. Subsequently, conditional logistic regression was used to determine joint effects of SSRIs with each of the four groups of psychoactive medicines. Each pair of medicines was assessed in a separate model, with no use of either medicine as the reference category.
Conditional logistic regression was used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for all groups of medicine use. As risk set sampling was employed, each OR provided an estimate of relative risk [27] . If the 95% CI around a risk estimate excluded one, then there was said to be a statistically significant association between medicine use and hip fracture. All conditional logistic regression models were adjusted for the number of co-morbidities, socioeconomic status and all other medicines assessed. The variance inflation factor was calculated to check for multicollinearity among all explanatory variables in the multivariate models. A variance inflation factor less than ten was considered to be acceptable. The power of each risk estimate was calculated a posteriori using a formula applicable to case-control designs [28] . Power less than 80% was highlighted.
The risk of hip fracture as a result of concurrent use of two medicines may be assessed in terms of joint effects [13] . This involves estimating the risk of hip fracture in patients who use both medicines (i.e. concurrent users) and patients who use each medicine without the other (i.e. individual users), relative to non-users of either medicine. The effect for concurrent users can then be compared with the effect for individual users.
For each medicine combination, the extent to which the combined effect differed from the sum of the corresponding independent effects (i.e. additive interaction) was assessed using the relative excess risk due to interaction (RERI): RERI = OR 11 -OR 10 -OR 01 ? 1 [29] . In this formula, OR 11 , OR 10 and OR 01 are the risk estimates for use of a psychoactive medicine with an SSRI, use of the psychoactive medicine without the SSRI and use of the SSRI without the psychoactive medicine, respectively. Negative, zero and positive RERI values indicate sub-additivity, additivity and super-additivity, respectively [11] . The Hosmer-Lemeshow delta method was employed to compute a 95% CI for each RERI value [30] . If the upper limit of the 95% CI around a RERI was less than 0, then the combined effect was considered to be sub-additive (i.e. negative interaction or antagonism). If the 95% CI around a RERI included 0, then the combined effect was considered to be additive (i.e. additivity of independent effects). If the lower limit of the 95% CI around a RERI exceeded 0, then the combined effect was considered to be super-additive (i.e. positive interaction or synergism).
All analyses were conducted using SAS Version 9.4 (SAS Institute, Inc., Cary, NC, USA).
Results
Subject Characteristics
Overall, 8828 cases of hip fracture were matched by age and sex with 35,310 controls. Characteristics were similar between cases and controls ( Table 1) .
Individual Medicines
Case-control study results for the effects of SSRIs on the risk of hip fracture are shown in Table 2 . Relative to no use of SSRIs, the initiation of SSRIs and the continuous use of SSRIs increased the odds of hip fracture by 2.7-fold and 1.8-fold, respectively.
Case-control study results for the effects of psychoactive medicines on the risk of hip fracture are also shown in Table 2 . The odds of hip fracture were increased 2.3-fold and 1.3-fold for initiation and continuous use of opioids, respectively. Initiation of anti-epileptic drugs was associated with a 41% increased odds of hip fracture, whereas continuous use of anti-epileptic drugs was unrelated to hip fracture. The odds of hip fracture were elevated by 29% and 28% for initiation and continuous use of antipsychotics, respectively, as well as 34% and 19% for initiation and continuous use of benzodiazepines, respectively.
Medicine Combinations
Case-control study results for the risk of hip fracture as a result of concurrent use of SSRIs and psychoactive medicines are shown in Table 3 . Significant associations were observed for 11 of the 16 combinations assessed. The initiation of both SSRIs and each of benzodiazepines and opioids increased the odds of hip fracture by 4.7-fold and 4-fold, respectively. The addition of SSRIs to continuous opioid therapy was associated with a 3.5-fold greater odds of hip fracture. The addition of opioids, anti-epileptic drugs, antipsychotics and benzodiazepines to continuous SSRI therapy increased the odds of hip fracture by 3.2, 2.4, 2.3 and three times, respectively. The continuous use of both SSRIs and each of opioids, anti-epileptic drugs, antipsychotics and benzodiazepines increased the odds of hip fracture by 2.2, 1.3, 1.4 and 1.8 times, respectively.
The results in Table 4 build on the results in Table 3 by providing an interaction measure calculated from the effect estimates for concurrent medicine use, namely the RERI. Additivity of effects was observed for the initiation of both SSRIs and each of opioids and benzodiazepines, the addition of SSRIs to continuous opioid therapy, the addition of each of the four psychoactive medicines to continuous SSRI therapy, and the continuous use of both SSRIs and opioids (Table 4) . Sub-additivity of effects was observed for the continuous use of both SSRIs and each of the antiepileptic drugs, antipsychotics and benzodiazepines, as well as the addition of SSRIs to continuous antipsychotic therapy (Table 4 ). There was no evidence of multicollinearity in any of the multivariate conditional logistic regression models. All variance inflation factor values were less than 10 (data not shown).
Discussion
In this case-control study, 11 of the 16 combinations of SSRIs and psychoactive medicines under investigation were associated with a significantly increased risk of hip fracture among older people. All combinations of opioids and SSRIs elevated the risk of hip fracture, consistent with the risk observed for opioids and SSRIs individually. Combinations that significantly increased the risk of hip fracture included the addition of benzodiazepines to SSRI therapy, concurrent use of both opioids and SSRIs, the addition of opioids to SSRI therapy, initiation of both benzodiazepines and SSRIs, and the addition of SSRIs to opioid therapy. Exposure to each of these medicine combinations increased the risk of hip fracture as much as the sum of the effects for individual medicine use. Eight combinations of SSRIs and psychoactive medicines increased the risk of hip fracture as much as the sum of the effects for individual medicine use. These combinations were the initiation of both SSRIs and each of opioids and benzodiazepines, the addition of SSRIs to continuous opioid therapy, the addition of each of the four psychoactive medicines to continuous SSRI therapy, and the continuous use of both SSRIs and opioids. Combinations of SSRIs and psychoactive medicines that increased the risk of hip fracture, but to a lesser extent than the sum of the effects for individual medicine use, were continuous use of both SSRIs and each of the anti-epileptic drugs, antipsychotics and benzodiazepines.
The increased risk of hip fracture as a result of the initiation of a medicine alone or in combination may be explained by the greater potential for adverse effects during the early stages of treatment. Patients tend to be more vulnerable to adverse effects earlier in a course of treatment than later on, as tolerance may develop with time [14] . Nevertheless, increased risk of hip fracture was observed for continuous use of medicines alone and in combination. This suggests that patients remain vulnerable to the adverse effects of SSRIs and other psychoactive medicines over extended periods. The sustained increase in risk may also be related to the potential for SSRIs, antipsychotics and anti-epileptic drugs to reduce bone mineral density in the long term [31] [32] [33] [34] .
The findings of an increased risk of hip fracture in individuals taking both benzodiazepines and SSRIs are consistent with a case-control study conducted among 17,198 hip fracture cases and 85,990 controls aged 65 years or over [8] . This case-control study, which used data from a US administrative claims database, assessed the risk of hip fracture following use of specific benzodiazepines with any interacting medicines [8] . The interacting medicines were those known to be moderate or strong inhibitors of the isoenzyme cytochrome P450 3A4 as well as interactions listed in DRUGDEX, Stockley's and summaries of product characteristics [8] . In this study, relative to no use of either medicine, the risk of hip fracture was increased for use of alprazolam with interacting medicines (RR = 1.51, 95% CI 1.34, 1.69) and use of interacting medicines without alprazolam (relative risk [RR] = 1.40, 95% CI 1.35, 1.46). There was no association for use of alprazolam without interacting medicines (RR = 0.90, 95% CI 0.77, 1.07). In the same case-control study, a significantly increased risk of hip fracture was found for use of lorazepam with interacting medicines (RR = 1.94, CI confidence interval, OR odds ratio, SSRIs selective serotonin reuptake inhibitors Table 3 Case-control study results for the joint effects of selective serotonin reuptake inhibitors (SSRIs) [8] .
The concurrent use of SSRIs and other psychoactive medicines in older people is potentially modifiable. As some of these medicines are second-line treatments for particular conditions, there may be scope to reduce doses, cease therapy or employ safer treatment alternatives [4] . SSRIs prescribed for mild depression or anxiety disorders could be substituted or supplemented with psychotherapy [4] . Exposure to benzodiazepine anxiolytics could also be reduced through psychotherapy, whereas exposure to benzodiazepine hypnotics could be minimised through behavioural, cognitive or light therapy [4] . Antipsychotics prescribed for mild behavioural symptoms of dementia could be substituted or supplemented with non-pharmacological therapies such as environmental modifications [35] . The overall sedative burden should be considered. In patients who take psychoactive medicines and have been symptom free for a period of time, the psychoactive medicines may be gradually withdrawn or given at lower doses [4] . For instance, the use of opioids in pain management should be regularly reviewed, with a view towards dosage reduction, cessation or substitution with non-opioid analgesics [4] .
The case-control study presented here has four main strengths. First, current use of medicines was broken down into new and continuous exposure. This will have removed survivor bias from the new user estimates [14] . Second, joint effects and a measure of additive interaction were employed to assess concurrent medicine use in a clinically relevant manner. Third, because data were sourced from an administrative claims database, there was no opportunity for recall bias to influence subject's exposure status. Fourth, because the median age of our subjects was 88 years and half of geriatric hip fractures occur in those aged over 85 years, our results can be generalised from the study population to other older Australians aged over 65 years [36] .
There are also several limitations of this research. There was less than 80% power to detect significant results for 4 of the 16 combinations assessed. There were small counts for concurrent medicine use and some of the calculated 95% CIs were wide, denoting imprecision in estimates of both risk and RERI. This may explain why no super-additive effects were found. Additionally, residual confounding by a range of unmeasured factors may have biased the observed associations between medicine use and the risk of hip fracture. Confounding by indication may be a factor influencing the results for individual medicines. Depression may have confounded the observed associations between SSRI use and hip fracture because, in a casecontrol study conducted among older people aged C65 years, depression was independently associated with an increased risk of hip fracture [37] . As new diagnoses of each of Alzheimer's disease and schizophrenia have been associated with an increased risk of hip fracture in observational studies [38, 39] , these diseases may have confounded the observed associations between antipsychotic use and hip fracture. However, the independent contribution of each of Alzheimer's disease and schizophrenia to the risk of hip fracture is unclear owing to a lack of adjustment for medicine use in the past studies [38, 39] . It is unlikely that residual confounding accounted for the significance of the results for SSRIs, opioids and antipsychotics because, in a case-crossover study among the same cases that controlled for patient-specific time-invariant confounders, SSRIs, opioids and antipsychotics were associated with an increased risk of hip fracture [19] . We adjusted for comorbidity using the Rx-Risk-V comorbidity score, a measure that counts the subjects' number of co-morbidities but does not indicate the severity of illness. There were likely discrepancies between the RxRisk-V scores and subjects' actual numbers of co-morbidities. In particular, a number of people with co-morbidities may not have been detected, as the Rx-Risk-V only has low-to-moderate sensitivity compared with self-report in the older Australian population [23] .
A further limitation was the assessment of only the simplest type of combined medicine use, exposure to two medicines, among older people who may have been taking more than two medicines concurrently. Exposure misclassification likely occurred because medicine dispensing acted as a proxy for medicine use, without any accounting for secondary non-adherence. As there was no information in the DVA database pertaining to the use of non-prescription medicines, data on certain low-dose codeine products that were purchased over the counter may not have been captured. This could have resulted in misclassification of some opioid users as non-users. There is, however, no reason to believe that this misclassification would have been differential between cases and controls.
Conclusion
This case-control study found that, for the majority of SSRI and psychoactive medicine pairs assessed, the increased risk of hip fracture equalled the sum of the risks due to individual medicine use. Our results highlight the need for prescribers to consider the underlying sedative burden of each older patient, as well as the potential for risk of hip fracture when initiating additional psychoactive therapy. The risk estimates presented here could help medical practitioners to weigh up the risks and benefits of combining SSRIs with other groups of psychoactive medicines. In instances where the risks outweigh the benefits, alternative treatment options may be available. Limiting concurrent exposure to psychoactive medicines wherever possible may minimise the risk of hip fracture among older people.
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See Table 5 . SNRIs serotonin and noradrenaline reuptake inhibitors, SSRIs selective serotonin reuptake inhibitors, TCAs tricyclic antidepressants
